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The purpose of this presentation is to describe methods for studying percuta-
neous absorption on human skin obtained from surgical and autopsy specimens.
When topical agents are applied to skin surfaces, a certain period of time elapses
before the test substances penetrate through dead epidermis. The extent of
penetration of a substance can be ascertained either by spot tests in the corium
with reagents specific for that substance, by colorimetric assays of dermal ex-
tracts, or by chemical analysis of epidermal sulfhydryl groups. Sulfhydryl groups,
located primarily in the cellular layers of the epidermis beneath the barrier of
absorption, may be decreased by the topical agents after penetration has taken
place. Therefore, the concentration of sulfhydryl groups may vary according to
the extent of percutaneous penetration.
MATERIALS ANI) METHODS
Skin, obtained from amputated legs, amputated breasts and from autopsy
specimens, is thoroughly wiped with ether and cut into pieces approximately 2
to 4 square inches in size. Various test substances in ointment bases are uniformly
applied for one to two minutes. Control specimens are treated only with the
ointment bases. To prevent possible contamination of the corium by the oint-
ment, excess subcutaneous fat is trimmed away but not completely removed. As
an added precaution a protective substance (silicone cream) may be applied to
the under surface of each piece. The pieces of skin are then incubated at 35°C in
tightly sealed jars.
At intervals, samples of skin are cut from the incubated specimens, each
surface is wiped with three changes of ether-soaked cotton pledgets, and the
epidermis is removed by the stretch method (1). Both corium and epidermis are
ready for testing.
Spot test in the corium
One drop of a spot test reagent is applied to the surface of the denuded corium.
This reagent must be specific for the topical agent tested, must produce a color
that will contrast with the corium, and must be able to detect fractions of a
microgram of the absorbed substance. Suitable spot test reagents are (2): 1.
Dilute ferric chloride solution which gives a purple color in the presence of sali-
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cylic acid and its derivatives. 2. Twenty-five per cent antimony trichioride in
chloroform (Carr-Price test) reacts by a rapidly fading blue color in the presence
of vitamin A. 3. Saturated alcoholic phenyihydrazide, followed by N HC1
produces a reddish-purple color when potassium bichromate is present. 4. Two
per cent aminoantipyrine in two per cent sodium carbonate, followed by two per
cent potassium ferricyanide, give a red color in the presence of phenolic com-
pounds.
Quantitative estimation of epidermal sulfhydryl groups
The estimation of sulfhydryl groups in the isolated epidermis is another method
to study the absorption of topical agents. After incubation of the skin speci-
mens with test ointments, the epidermis, after being thoroughly wiped with ether,
is removed, dried at 35° to a constant weight and defatted with ether. Aqueous
suspensions are obtained by homogenizing the dried epidermis with water in a
Potter-Elvehjem homogenizer, using 5 to 10 mg. of epidermis per ml. of water.
The concentration of sulfhydryl groups after the addition of 20% Duponol is
then determined with Bennett's reagent (3, 4). All determinations were done in
duplicate and the duplicate determinations agreed within 10%.
Colorimetric estimation of absorbed test substances
Direct colorimetric estimations of absorbed test substances in the corium are
done in order to estimate the penetration of salicylic acid and to compare the
findings with those obtained with spot tests. After inunction and incubation of
skin samples, the epidermis is removed, the corium cleaned of subcutaneous fatty
tissue, and dried to constant weight. The dried corium is cut into samples of equal
weight (0.5—1 Gm) and extracted with measured amounts of a solvent in which
salicylic acid was soluble. Colorimetric tests are then done with the extracts
using a photoelectric colorimeter.
RESULTS
There were variations in rates of percutaneous penetration between separate
skin specimens. However, as there is consistent behavior of the pieces obtained
from the same skin sample, valid comparisons can be made.
Salicylic acid, released from a petrolatum base, was detected in very slight
amounts only and from a carbowax base in moderate amounts. The best pene-
tration of salicylic acid occurred when it was incorporated in lanolin, Plastibase
(Squibb) or Hydrophilic Plastibase (Squibb) (Fig. 1). Two to four hours of
incubation were necessary before obtaining positive spot tests. Sodium salicylate
could not be demonstrated in the corium even after an incubation period of 24
hours. The test for vitamin A in the corium was negative after 24 hours of in-
cubation, but when this vitamin was combined with 10 % salicylic acid, a positive
spot test for vitamin A was obtained after only three hours of incubation (Fig.
2). Potassium bichromate was found to penetrate the epidermal barrier more
rapidly from a carbowax base than from lanolin. Phenol could be detected in the
corium more rapidly than any other compound tested, regardless of the oint-
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FIG. 1. Ferric chloride spot test in corium for salicylic acid, showing penetration from
5 different ointment bases.
FIG. 2. Right: Penetratioo of vitamin A (positive Carr-Price test) from a cold cream
base containing 100,000 U/Gm of the vitamin with 10% salicylic acid added. Left: Negative
Carr-Price test for vitamin A after application of ointment containing vitamin A alone.
ment base used. Other phenolic compounds which were less water-soluble pene-
trated more slowiy. A study of the penetration of various phenolic compounds
is in progress.
Colorimetric determination in dermal extracts after the application of sali-
cylic acid confirmed the results obtained with the spot tests (Fig. 3).
After the application of ammoniated mercury ointments, the concentration of
epidermal sulfhydryl groups was diminished. Tn 6 of 7 experiments, ammoniated
mercury in Hydrophilic Plastibase® produced a significantly greater decrease
in the sulfhydryl groups than in any other ointment base tested (Fig. 4). Other
mercurial compounds, such as mercuric chloride and mercuric acetate, also inac-
tivated the sulfhydryl groups. The addition of 3 % salicylic acid to the ammo-
niated mercury ointments greatly potentiated a drop in sulfhydryl coucentrations
(Fig. 5), (possibly because of formation of mercuric chloride).
Sulfur ointments, as well as sulfur lotions, caused a consistent decrease in the
epidermal sulfhydryl groups. The magnitude of this action was not significantly
influenced by the type of ointment base used (Fig. 6).
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FIG. 3. Colorimetric determination of salicylic acid in alcoholic extracts of corium.
P = Hydrophilic Plastibase, C = Carbowax, V = Petrolatum, 0 = Control base.
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FIG. 4. Concentration of epidermal sulfhydryl groups after application of 5% ammoni-
ated mercury in different ointment bases.
The experimental conditions and results are summarized in Table I.
Potassium bichromate is a suitable test substance for correlating a positive
spot test in the corium with a decrease in epidermal sulfhydryl concentration.
The chromate ion not only inactivates the sulfhydryl groups, but also gives a
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FIG. 6. Effect of 1%, 5% and 10% sulfur in different ointment bases on the concentration
of epidermal sulfhydryl groups.
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TABLE I
In vitro tests for studying penetration of topical agents through human skin
Substanc: and No. of Concentration Ointment Base Used Results
I. Spot Tests in Corium
Salicylic acid (7) 5% Petrolatum, lanolin, 1-4 Best penetration from
Plastibase, Hydro- lanolin, Plastibase
philic Plastibase, and Hydrophilic
Carbowax 1500 Plastibase. Carbo-
wax intermediate,
petrolatum poorest
Sodium salicylate 5% Same as above 1—24 No penetration from
(4) any of the bases
Vitamin A 100,000 Cold cream 1—24 No penetration, un-
palmitate (4) U/Gm less 10% salicylic
acid added to oint-
ment
Potassium bichro- 5% Lanolin, carbowax 1—5 Carbowax superior to
mate (5) lanolin
Phenol (4) 2% Petrolatum, lanolin, Very rapid penetration
Plastibase, Hydro- from all bases
philic Plastibase,
Carbowax
II. Epidermal Sulfhydryl Estimations
Ammoniated
mercury (8)
Sulfur (16)
Potassium bichro-
mate (5)
5%
1, 5, 10%
5%
Petrolatum, lanolin, 2—4)
Plastibase, Hydro-
philic Plastibase,
Carbowax
Petrolatum, lanolin, 3-22
Plastibase, Hydro-
philic Plastibase,
Carbowax
Lanolin, carbowax 1--S
Best penetration from
Hydrophilic Plasti-
base
No difference found
among ointment
bases
Carbowax superior to
lanolin
III. Colorimetric Estimations of Dermal Extracts
Salicylic acid (3) 5% Petrolatum, Plastibase, Plastibase best, carbo-
carbowax wax intermediate,
petrolatum poorest
positive spot test in the corium with diphenylcarbazide. When sulfhydryl de-
terminations and spot tests were performed simultaneously on the same skin,
it was found that the faster the percutaneous penetration of the chromate ion,
the earlier the decrease in the epidermal sulfhydryl groups. During early stages
of incubation no decrease in the sulfhydryl groups could be demonstrated if the
chromate ion had not yet penetrated into the corium. (Fig. 7).After 2 to 3 hours
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1 1/2 Hours' Incubation
Fee. 7. Effect of penetration of potassium hiehromate from carbowax and lanolin bases
on dermal spot tests and epidermal sulfhydryl groups after 1 hours' incubation.
of incubation, when the chromate ions were released into the corium only from
the carbowax base, the spot test became positive in this specimen and the sulf-
hydryl values in the epidermis fell below those of the other specimens (Fig. 8).
By the fifth hour of incubation, chromate ions had been released into the corium
from the lanolin base as well, with corresponding positive spot tests and sulf-
hydryl reductions (Fig. 9).
DI5CU5SION
When the penetration of topical agents through the skin is studied on human
subjects, there are certain restrictions imposed. Only a limited number of tests
Carbowax 1/2% K2Cr2Oin lanolin
I
Lanolin 1/2% K2Cr 07in carbovax
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can be performed on experimental human subjects, biological variations may
influence the results, and toxic or irritating substances cannot be used in vivo.
The described technics for studying percutaneous penetration in vitro can
be easily carried out and may be done in duplicate. However, the use of spot tests
is limited, because there are only a few substances which can be colorimetrically
detected in minute quantities. Sulfhydryl determinations are useful only when
the compounds being tested decrease the sulfydryl concentrations.
It is possible that the post-mortem decomposition might affect the physical
properties and permeability of the epidermal barrier so that the results of this
investigation might not be applicable to living skin. However, the penetration of
topical agents through the skin in these studies favorably compares with the
results of in vivo studies of the percutaneous absorption of these substances. In
these in vivo experiments it was found that more salicylic acid was released from
a lanolin base than from petrolatum (5). Both living and dead epidermis are im-
permeable to sodium salicylate (6) and to vitamin A (7). As with the living skin,
FIG. 8. Effect of penetration of potassium bichromate from carbowax and lanolin bases
on dermal spot tests and epidermal sulfhydryl groups after 24 to 3 hours' incubation.
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FIG. 9. Effect of penetratioo of potassium bichromate from carhowax and lanolin bases
on dermal spot tests and epidermal sulfhydryl groups after 5 hours' incubation.
the post-mortem penetration of ointments followed a transfollicular route, as
indicated by the occasional appearance of a pore pattern in the corium during
early stages of penetration (Fig. 10). The time elapsed since death had no effects
on the results obtained, provided that the skin had been kept at refrigeration
temperature. Therefore, the available evidence indicates that dead skin appears
to be a suitable tissue for the study of percutaneous penetration of topical
agents.
It was not the purpose of these experiments to correlate the rate or extent of
percutaneous penetration with the therapeutic effectiveness of these topical
agents. Indeed, such a correlation is not permissible for the therapeutic usefulness
of an ointment base is influenced by factors other than the rate with which it
releases the incorporated substance into the epidermis. The chief advantage of
these in vitro tests is their objective nature. The action of topical agents can be
expressed in accurate chemical terms; their assessment does not rely upon subjec-
tive clinical criteria.
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FIG. 10. Pore pattern in corium (ferric chloride spot test) after application of salicylic
acid ointment.
SUMMARY
Methods for studying the penetration of topical agents through dead human
skin are described. These in vitro tests include spot tests in the corium, sulfhydryl
determinations in the isolated epidermis and colorimetric estimatious iii dermal
extracts.
Under the experimental conditions saticylic acid was found to penetrate most
rapidly from Plastibase® (Squibb), Hydrophilic Plastibase® (Squibb) and
lanolin. Carbowax was less efficient and petrolatum was slowest in releasing
salicylic acid. Sodium salicylate did not penetrate through the epidermis from
any of the bases tested.
Vitamin A did not penetrate through human skin, unless salicylic acid was also
added to the ointment. Phenol penetrated very rapidly into the corium from all
vehicles tested.
On the basis of sulfhydryl inactivation, it was concluded that ammoniated
mercury penetrated better from Hydrophilic Plastibase than from other oint-
ment bases tested. Sulfur decreased sulfhydryl concentrations to the same degree,
regardless of the ointment base used.
An excellent correlation was found between the penetrating ability and sulf-
I
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hydryl inactivating capacity of potassium bichromate in two different oint-
ments.
The advantages of in vitro methods for studying the effects of topical agents
are discussed.
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DISCUSSION
Dn. MARION B. SULZBERGER (New York, N. Y.): I certainly think that this
paper of Dr. Flesch is worthy of very favorable comment. All of us know what
a difficult and what an ancient problem it is to try to find out how these various
vehicles act. Among the vexing problems are those which deal with the com-
parisons as to how and as what rate various vehicles deliver the "active ingredi-
ents" which have been incorporated into them to the skin and skin surface, into
and through the skin, etc. We all know only too well how terribly time consuming
and tedious and full of error and difficulty and expensive it is to try to determine
these things on the human being with the skin in situ and in vivo; and how warmly
we must consequently welcome any method which promises an acceleration and
a more economical and accurate and objective approach to these problems.
I think that Dr. Flesch, of course, put his own finger on one of the main objec-
tions to the presented technic; that is, that one here is dealing with dead skin
rather than live skin. I do not think that he has answered this objection entirely
satisfactorily.
Another objection that one might cite is his use of the terms "a good" vehicle
or "a bad" vehicle. I think that this implies all too philosophical, moral and
theoretical a concept. Because whether certain vehicles are "better" or "worse"
can be considered only in the frame of reference of the particular effect desired,
e.g., it depends where one wants the vehicle and/or embodied stuff to be and
where and how one wants it to act, what job one wants it to do. Take as a com-
mon example the case of salicylic acid and its derivatives: when one uses them as
keratolytics one wants to keep them on or near the surface, in and around the
horny layers; and one does not want them to go through and go too deep and
beyond the tissue that one is trying to hit. There are innumerable, variable
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factors of this sort that one must necessarily consider each time that one tries to
translate into terms of clinical usefulness and therapeutic efficacy any results
of the experimental assays of vehicles and their effects. I would venture to say
that most of the chemical and physical agents which we dermatologists find very
useful for topical medication would be much less useful if one would accelerate
beyond a certain point the rate and depth of their penetration through the skin
and into the general system. I do not think one could use phenol, resorcinol,
tars, salicylic acid and mercurials, hormones, other steroids, the way we make use
of them today, if they were made to penetrate too quickly. One of the very
great advantages of dermatologic topical therapy is that one can keep the effective
agents at the surface or near the surface when one uses them. In this way skillful
dermatologists are able to aim, focus, confine and restrict their most potent
weapons quite closely to the lesions they are trying to cure—much as the skillful
surgeon can direct the sharp scalpel.
DR. STEPHEN ROTHMAN (Chicago, Ill.): I would like to suggest using fresh
surgical material and working on it at 37° C. and 100% humidity. In this way
excised skin is kept "alive" for several hours as it can be shown by measuring
oxygen consumption. Working in this manner the objection raised here would be
eliminated, namely that results in dead skin may be different from results in
vivo.
DR. LIvING0OD: I too wish to commend Dr. Flesch for this excellent presenta-
tion. I agree with Dr. Sulzberger that it is most difficult to evaluate the influence
of vehicles in topical therapy.
In a recent study, we were able to demonstrate significant difference in the
percutaneous absorption of hydrocortisone when we applied it in the form of a
lotion vehicle as contrasted to an ointment vehicle. In these experiments, we
were comparing two different types of vehicles rather than two ointment bases.
Also, I would like to recall some experiments by Polano, referred to in his book on
Skin Therapeutics. As I remember it, he demonstrated quite conclusively that
there is a tremendous difference in the primary irritant producing capacity of
mercury bichloride when it was incorporated in a lanolin base as compared to a
carbowax ointment base. When mercury bichloride was incorporated in lanolin
with or without the addition of water, there was the usual primary irritant reac-
tion at low concentrations. When it was incorporated in carbowax and applied
in exactly the same manner there was no such primary irritant reaction with
the same concentrations.
DR. PETER FLESCH (in closing): I would like to thank the discussers for their
comments. When using the words "good" and "bad" base, I simply referred to
the ease with which they release the incorporated material without any implica-
tion as to their therapeutic effectiveness.
I would go even farther than Dr. Sulzberger and say that in each and every
instance we must keep in mind what we wish to achieve when applying a topical
agent to the skin. For example, hydrocortisone should go through rapidly; on
the other hand, for a keratolytic action, salicylic acid should not penetrate.
In answer to Dr. Rothman's suggestion, we used skin immediately after
surgical removal and obtained the same results as with somewhat older skin.
